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BIOLOGICAL BPFECTS OF MAGNETIC FIRLDS 
Prague PRACOVNI LERKARSTVI in Creech Vol M, No 3, 1979 pp 98-106 


[Article by Jiri Jerabek, Inetitute of Hygiene and Epidemiology, Prague, 
Director: Prof, f. Janda, ™D, Seb, Center for Labor Hygiene and Occupa- 
tional Diseases; Director: 8. Sveetka, member of the Academy of Sciences) 


{Text} Magnetic Field and Ite Physical Substance 


In the area surrounding conductores through which electric current flows, 
and .9 the area surrounding magnets, the so-called magnetic forces affect 
other conductors through which electric current flows, and other magnets. 
We regard transmission of suc forces as physical properties of the magnet- 
ic field created in the area surrounding such conductors, or ae the case 
may be, magnets, 


in their essence, magnetic forces are electrodynamic forces, in other words, 
forces by which all electrically charged particles in sotion aifect one an- 
other. In addition to these forces bound to the motion of charged particles, 
electrostatic forces stemming directly from the presence of an electric 
charge act among ther. 


Every charged particle in motion creates 4 magnetic field, and thus, so do 
elementary particles of which atoms are composed. This magnetic field, how- 
ever, becomes externally appacent only if the govementes of the particles 
ate at least partly ordered. If not, their magnetic fields on the average 
cancel one another and do not become externally evident. 


Ordered movement of free charged particles proceeds in any medium through 
which electric current flows. The current creates magnetic field which de- 
velope by the combination of magnetic fields of individual free particles. 
Such a magnetic field develops, for instance, around a conductor through 
which electric current fiews, around « beam of flving electrons in a 
cathode tube, around tone in an electrolytic bath, etc. 


In addition, magnetic fields develop around electrons which are bound in 
atoms, namely, on the one hand, because the electrons move in orbite--the 
so-called orbite! magnetic moment, and on the other hand, because they 

















rotate around theif own axie=<the so-called spin magnetic moment, If the 
movements of the electrons in atoms are at least partially ordered so that 
the magnetic fielde of individual electrons do not cancel one another, 4 
magnetic field develops by the combination of these magnetic fields in the 
substance a8 well ae in the surrounding area, even if that substance ie not 
connected with a source of electric voltage and if electric current does 
not fiow through it in the technical sense of the word, 


2. Types of Magnetic Fields 


According to the course of the magnetic field in time we distinguish static, 
intermittent and puleating magnetic fields. 


The values of the basic quantity of 4 etatic magnetic field do not change 

in the course of time. This kind of field appears near permanent magnets 
or conductores and coils through which a direct electric current flows. in 
an intermittent magnetic field the values of the quantities of the magnetic 
field change ‘n the course of time from zero to the positive maximum, de- 
cline to sero, and increase to the negative maxiaum, and then return to 
zero, This rise and ebb of the values proceeds smoothly. We find this type 
of field around conductors and coils fed by an alternating electric current. 


The last type of magnetic field, the pulsating magnetic field, appears in 
the area of conductors and coile fed by 4 pulsating electric current. The 
intensity of values of thie field changes from sero to the positive or nega- 
tive maximum by spurts. 


According to the spatial distribution of the magnetic field we distinguish 
homogenous and nonhomogenous magnetic fields. 


In 4 homogenous magnetic field the values of the magnetic field have the 
same intensity and direction in every point in the space. We find this 
type of ‘leld inside a long cylindrical coil without 4 core--solenoid, 4s 
well as between parallel pole pieces of permanent magnets or electromag- 
nets 


North and south poles are recognized in electromagnets and in magnets in 
the same way 46 in the geomagnetic field. This division steme from the 
tradition and consensus, according to the conduct of the compass needle. 
In the same way it has been agreed that the lines of force between north 
and south proceed in the north-to-south direction; the north pole is re- 
garded as positive, and the south pole as negative. 


The nonhomogenous magnetic ‘ieid is one where in various points in the 
space the values of the magnetic field are found to be different in their 
intensity as well ae in their direction. Such fields exist around the con- 
ductor through which electric current flows, around permanent magnets, at 
the edges of solenoids, and at the edges of pole pieces of magnets and 


electromagnets. 











3, Expressions of the Magnetic Field 


Effects of the magnetic field on objects made of iron are general): «nown, 
Such objects are attracted to 4 Magnet or electromagnet by 4 certain totece, 
However, Numerous substances are macroscopically indifferent to the magnet ic 
field, but the case is different on microscopic and submicroscopic levels, 
Substances are divided into diamagnetic, paramagnetic and ferromagnetic ac- 
cording to their conduct on those levels, 


in diamagnetic substances the orbital and spin magnetic @oments of the elec- 
trons in the same molecule cancel each other and thus, the resultant magnet- 
ic moment ie zero, If the golecules of such substances contain one atom, 
thie applies to their atome as well, 


in paramagnetic substances the magnetic moments of the electrons in mole- 
cules, or a8 the case may be, in atome, do not cancel each other; however, 
magnetic moments of molecules are arranged quite haphazardly, so that their 
magnetic fields cance! each other and the resultant magnetic moment is zero, 


In ferromagnetic substances, a8 in paramagnetic substances, magnetic moments 
in molecules, or in atoms, do net cancel each other, and furthermore, the 
molecules are arranged with o conforming orientation of the magnetic moments 
inte bounded areas called Weiss’ areas of spontaneous magnetization. If the 
external magnetic field does not act, these areas are oriented quite inci- 
dentally and without any arrangement, and the resultant magnetic moment is 
zero. 


Diamagnetic and paramagnetic substances are magnetically polarized by the 
effect of the external magnetic field, i.e., they create their own magnetic 
fields, which are combined with the external magnetic field. After the dis- 
sipation of the external magnetic field magnetic polarization in these sub- 
atances ceases. 


if the external magnetic field aifects a ferromagnetic substances, Weiss’ 
areas of spontaneous magnetization expand and shift toward magnetic polari- 
zation, but after the dissipation of the external magnetic field this ori- 
entation is sore or less retained, and we say that the substance has become 
magnetized. 


4, Basic Quantities of the Magnetic Field 


As 4 rule, we characterize the magnetic field by ‘ectors called intensity 
of the magnetic field H and magnetic induction 8B. A certain dimension and 
direction of intensity H and induction B are inequ' vocally assigned to 
every point in the magnetic field. 


intensity of magnetic fieid # is in direct proportion to the flowing cur- 
rent and in indirect proportion te the distance. 











— , where 
. ef 


i represents the intensity of the electric current in amperes, 
tr ie the distance from the current in meters, 


The unit of intensity of the magnetic field is ampere/meter (A/m), which is 
defined as the intensity of the magnetic field in distance rt = 1/2em from a 
eonductor through which flows electric current of 1 ampere, An older unit, 
used frequently in literature, is 1 ocersted (Oe), 1 Oe = 79,6 A/m 1 A/a = 
1,256,.10°° Oe, Induction of the magnetic field 8 ise defined by the force 
by which the magnetic field affects the moving electric charge, or as the 
case may be, the conductor through which the electric current flows. The 
wnit of induction of the magnetic field is 1 tesla (T). This unit is de- 
fined as follows: If a conductor 1 meter long, through which 1 A current 
flows, is affected in a homogenous magnetic field by the force of 1 N (new 
ton), then the induct ion of that field equale 1 T. Am older unit is 1 gauss 
(G), 16 = 10°"T; 1 T = 10° G, 


The correlation between the induction of the magnetic field V and intensity 
of the magnetic field H is given by the following equation: 


Bew-Ht 


v is the permeability of the medium. Relation u = ty.e applies, where _ 
is the relative permeability of the medium, and uo is the permeability of 
the vacuum. tw 1,256647.10~° H/m (H = henry, unit of inductance). 


Diamagnetic substances have -, under 1, paramagnetic substances have uy, 
over 1, and ferromagnetic substances have vr much higher than 1; in dia- 
magnetic and paramagnetic substances relative permeabilities differ very 
slightly from each other, and therefore, their permeability vu = us. 


5. Measurement of Magnetic Fields 


Instruments furnished with Hall probe are now used in general to measure 
magnetic fields. Their principle is based on the concept that the current 
of electrons intersecting the lines of force is deviated, and that this 
deviation is in direct proportion to the induction of the magnetic field. 
This phenomenon is particularly noticeable in semiconductors. Hall probe 
is a plate aade of a semiconductor material through which an electric cur- 
rent flows. If we place it in a magnetic field that will act perpendicu- 
larly to the current passing through the place, we can measure on its side 
the voltage which is in direct proportion to the induction of the magnetic 
field. 








An inetrument furnished with Hall probe is, for inetance, TESLAMETNK made 
by the Metra Company in Blaneko; according to our information, however, it 
ie no longer manufactured, This device is designated for rough sessuring 
in laboratory conditions sed according to our experience, it is not the 

most suitable inetrument for measurements in the field because of its sensi- 
tivity te mechanical damages and because of ite sensitivity to changes in 
temper ature, 





Measurements of intermittent magnetic fielde may also be made with inetru- 
ments furnished with Hall probe and with an appropriately adapted electron- 
ic part of the inetrument. Thie kind of inetrument is not availiable in our 
market. However, devices with a coll into which measurable voltage is in- 
duced may be used advantageously. 


There are probleme in measuring puleating magnetic fields, where standard 
measuring methods with needle instruments iail because the pulses are 
usually so brief that the needle cannot follow the changes in the field due 
to ite inertia at reset. The coil .4y be used here ae 4 probe and records 
may be made on the oscillograph; the values of the magnetic field may be 
read from the record, 


The foilowing principles must be observed when measuring magnetic fields: 


i. The values of induction or intensity of the magnetic field must be 
measured on the site of the source; 


2. Measurements must be made in the site of work; 

j. The surroundings of the source and of the work site gust be surveyed 
and measured carefully because the iron parts of the equipment deform the 
field; 


4. In certain cases it is necessary to draw a chart and in it, equipoten- 
tial lines, 


Purthermore, it is necessary to know how long is the exposition and what 
parts of the body are exposed and naturally, to gention whether 4 static, 
intermittent, or pulsating magnetic field is involved. 


6. The Occurrence of Magnetic Fields 


In this paper we shall disregard the magnetic fie.4 of our planet in which 
we find ourselves constantly. We shall observe magnetic fields which may 
appear in man's working area. For the sake of completeness I wish to men- 
tion that the magnetic field of the Earth is equal to 0.3 - 0.6 Oe (23.88 - 
47.76 A/m). The vaciliation of those values depends on cosmic influences, 
particularly on solar activity. 








Static magnetic fields appear in manipulation with permanent magnets, for 
instance, in the manufacture and assembly of ferrite magnets for toys and 
models, manufacture of loudspeakers and microphones, manufacture of special 
electron tubes, gauging instruments, etc. In addition, static magnetic 
fields appear near conductors through which etrong electric current flow, 
for example, during electrolytic processes, and finally, in electromagnete 
fed with direct current, a8 in magnetic cranes, with longitudinal magnet iza- 
tion with magnetic crack detection, in grinders with magnetic benches, etc, 


Intermittent magnetic fielde appear around conductores through which alter-~ 
nate electric currents flows, for inetance, in electric steel works, in 
traneverse magnetic crack detection, in induction heating systems, etc. We 
may find pulsating magnetic fields in spot welding, around electromagnets 
operating in a pulsating regime, as in some accelerators, in magnetization 
of permanent magnets, etc. 


7, Biological Effects of Magnetic Fields 


From the beginning of its journey toward knowledge mankind studied the ef- 
fects of magnets on the living matter. Application of nagnets belonged 
among general methods of healing already in ancient Greece, Rome and Arabia. 
Medieval Burope adopted such methods but they were discredited by itinerant 
healers and charlatans. 


Genuine scientific research of the effects of magnetic fields on the living 
matter did not begin until the 19th century, when with the development of 
knowledge substantive discoveries were achieved in the areas of physics as 
well as of biology. For those reasons we shall deal further on only with 
those reporte which in our opinion have a scientific basis. 


Effects of magnetic fields have been studied experimentally on the most 
different levels, from a simple biochemical reaction through the effects 
on the subcellular level and on cells, up to whole vegetable, animal and 
human organisms. 


7.1 Effect of Magnetic Fields on Microorganisms 


This part is intentionally included in the beginning of the chapter on bio- 
logical effects, although it would be more logical to quote studies dealing 
with biochemical reactions. In our view, however, these studies vere among 
the first ones, as concerns the development of the research of the effects 
produced by magnetic fields, and therefore, they belong precisely here. 
There exists a relatively large amount of reports dealing with this topic, 
however, they are mutually contradictory and antagonistic. Dubois!5 studied 
the effect of a strong magnetic field on colonies of Micrococcus prodigi- 
osus, observing morphological changes in those colonies. We noted that 

the colonies became elongated in the north-east/north-west direction. 








Moreover, the colontes grew in 4 dry form with uneven ecges, Cheneveay 

and Bohn?) studied the effect of @ static magnetic field of 5-58 kOe inten 
sity (398-616,8 kA/m) on Infusorta Coxyphylium marie, Copidium, Sty .omichia, 
Oxytrichides, and Vorticel.. They observed deceleration of the mobility 

of the Ciliata and the digseiution of their organules of motion within 4 

or 5 days, Within several generations the individuals atrophied and de- 
creased to one half of one third of their original sige, Finally, they 
completely stopped multiplying. In Vorticella all individuals died within 

4 days. 


Grenet29 studied the effect of the intermittent magnetic field with more 
than 100 Ve (7960 A/m) intensity on Paramecium aurelia, As soon as in 30 
minuces he observed deceleration and then cessation of its mobility. Most 
protozoa adopted a spherical form and in several of them their cellular mem- 
brane ruptured and the contents of the cell spilled out into the medium, 
Jennison?® obtained negative results. Using 3 kOe (238.8 kA/m) static mag- 
netic intensity he ‘followed in that field the growth of cultures of 12 
strains of bacteria and 13 etraine of molds and yeasts. In no instance did 
he note any difference from the con.rol group. Analogically, Luyet ® failed 
to observe any difference in the spores and vegetative forme of Rhigosporus 
nigricans exposed to a 524 Oe (41,7 kA/m) field, Kimball?) followed the 
process of the growth of bakery yeast under the poles of a horseshoe mag- 
net. He established that the growth directly under the poles was consider- 
ably inhibited, and the farther from the pole, the less inhibited the 
growth. It appears that in Kimball's experiments this effect was produced 
by the gradient of the magnetic field. Several series of studies deal with 
fermentative changes and with changes in oxygen consumpticn of various cul- 
tures. ‘aulel9 reports a higher fermentative potential of yeasts following 
their exposure to a static magnetic field. Pereira et ai.4® determined that 
in a strong magnetic field (10 kOe - 796 kA/m) the oxygen consumption of the 
yeast declined, that this deciine begins immediately after the magnet is 
turned on, and that it is reversible. Pavlovich et al.4® passed various 
strains of microorganisms through fields of various intensities and types. 
They followed the effects of tnose fields on enzymatic and lysogenic sys- 
tems, and on thermoresistance. They determined that the effect depends not 
only on the type bu. also on the strains and mutants of individual micro- 
organisms, and naturally, also on the type of the field to which individual 
cultures are exposed, 


7.2 Inftivence on Biochemical Reactions and Tiesue Oxidations in Vitro 


Cook and Smith? observed that the activity of tryj ein exposed to a static 
magnetic fields with 8 and 14 kOe (636.8 and 1034.5 KA/m) intensities in- 
creased. This increase depended on the period of pre-incubation of the 
enzyme in the magnetic field, Akoyunog]ou > found tyat the activity of 
carboxy dismutase after exposures for 1-196 hours in a static magnetic 
field of 20 kOe (1593 kA/m) had increasec by 14 to 20 percent. After a 




















22-minute exposure no effect was evident, It was noted that activity ta- 
creased instantaneously when the electromagnet wae turned on during the 
reaction; when switched off, the activity of the ensyme rapidly declined, 
Furthermore, the author observed an advantageous reactivating effect of the 
magnetic field on an enzyme partially inhibited by UV radiation, Waber= 
ditzi24 conducted experiments with catalase, using a static magnetic field 
of 60 kOe (4776 kA/m) intensity, with 17-60 minute exposure periods, No 
effect was observed when the reaction took place in 4 homogenous field, 
When the author used a nonhomogenous field, the activity of the catalase 
increased by 52 percent, Contrary to the above-mentioned studies, Rabino- 
vich et al,°3554 did not observe any effect of a static magnetic field of 
208 kOe (16,556.8 kA/m) intensity on reactine catalyzed by ribonuclease, 
peroxidase, thyrosinase, succinate=C reductase and aldolase. In addition 
to biochemical experiments on the enzyme-substiate ‘evel, experiments have 
been conducted in celle of tissue cultures, PF « Nutini?? etudied the 
consumption of 09 in cultures of tissues from -rcoma 37 and Ehriich's 
tumor which they exposed in a static magnetic 'd of 7.4 kOe (581,08 
kA/m) intensity. Oxygen consumption decline by  ..4 percent in sarcoma 
and by 33.7 percent in Ehrlich's tumor, When ascertaining the threshold 
intensity, the authors learned that, on the contrary, the consumption of 
oxygen increased in a field with 80 Oe (6,386 kA/m) int -neity, that it de- 
clined only at 400 Oe (31.84 kA/m) intensity, and that this ratio remains 
linear up to the intensity of 7.3 kOe (581.08 kA/m). On the other hand, 
Pereira et al,“ who studied tissue respiration of an exposed suspension 
of sarcoma 37 and of sections from the kidneys and livers of mouse embryos 
obtained opposite results. They observed that cellular respiration de- 
clined in every case exposed to 4 static magnetic field of intensity in 
the range from 80 to 85 Oe (6,368-6,766 kA/m). It is interesting that the 
tissue sections from adult mice may not be sensitive to the magnetic field 
because they did not demonstrate any visible effect. 


7.3 Effect on Biochemical Processes in Vivo 


Reno and Nutini?) determined that after an exposure to a static magnetic 
field with an intensity of 7.3 kOe (581.08 kA/m) oxygen consumption in 
mice embryos is reduced by as guch as 67.2 percent. It was ascertained 
that the younger the embryo, the more pronounced this phenomenon. Chefny- 
sheva and Kolodub!° exposed rats to an intermittent magnetic field vith 
the intensity of 90 Oe (7,164 kA/m) and 50 He frequency over different 
perivds. They studied the levels of lactic acid, glucose, glycogen, 
creatine phosphate, ammonia, protein nitrogen, and desoxyribonucleic acid 
in the brain, liver, cardiac muscle and kidneys. After an exposure over 
10 days, each day for 5 and 3 hours, they observed that the level of glyco- 
gen in the liver declined and the contents of glycogen and glutamine in 
cardiac muscles increased. After an exposure for 5 and 3 hours every day 
over 3 months, the changes were analogical as in the preceding case and 
moreover, the authors observed a decline in the contents of lactic acid in 








the brain and higher contents of ameunia in the brain and in the cardiac 
fuerte 


The results of a G-monthe exposure for } and 5 hours ate presente’ tw 
Table i, 
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~ = decline, * = inerease, /// = not determined 


Lowet contents of creatine phosphate were detected in cerebral tiseves. 
Degeneration of hepatocytes was histologically confirmed in hepatic tie- 
sues. Higher contents of catecholamines in adrenal glande wae observed. 
One month after the conclusion of exposure, 411 values returned to norm, 
with the exception of catecholamine contents in adrenal glands. 


Udinteev et 21,62 © e⸗ in an intermittent magnetic field of 200 Oe 
(15,92 KA/@) intensity and 90 He frequency over « period of | hour, and 
studied the activity of lactate dehydrogenase in their skeletal and cardiac 
mecies. In both cases the activity of the enzyme under etudy wee found to 
be significantiy reduced, 


7.4 feet of the Magnetic Field on Infectious D’seases and lamonity in 
Aniaals 


Odinteov"> proved that repeated exposures of rate to an intermittent field 
with 50 He frequency and 100 Oe (7.96 kA/a) intensity for 6.5 houre re- 
duced WD5p in Listeria infection to 1/50 as compared wit’ .ne control group. 
The phagocytic activity of leukocytes was three times lower and remained 
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Dela if literature further tadleate that the magnetic Field reduced the 
response to light stimulation in gph ivianss and in temane.** Lower phage 
eythe aetivity ef the lewe@ewtes,’’ tnereased WH) fate, and deceleration of 
etythfecyttc sedimentation’ were observed in a magnetic Field loealiy ap- 
piled te the heade of animale, The resulte of experiments with training 
in « labytiath conducted wader the effect of magnetic fields indicate that 
this fester gerbe the cfeation of gemery tracke, and accelerates theif en- 
cimetion.>+*’ Maturally, Pelyhe's observation should be @entioned here, 
aamely, that there le ge difference between the effect of magnetic fields 
with intensities of 10 Ge (796 A/a) and 800 Oe (63,68 bA/a), 


Elect roencepha lographis tents indicate that in pigeons,?? rabbite, 26, 27 
wonkeys,)* and humene,'2+67 the magnetic field stimulates the 

of slow waves with « high amplitude and the formation of sepindies on the 
om, Vielew reported resulte obtained in workers employed in tlone 
involving @agnetic flelde (detaile below), Dineuleseu and Macalariv in 
the Seoclaliet Republic of Romania studied PRC in individuals treated with 
Maghetodiaflus, Unfortunately, gore detailed descriptions of the equipment 
protected by 4 patent are lacking in the literature; the only information 
available is that it ipvolwes an intermittent gagnetic field with 90 of 
100 He frequency, and that the patient reclines in the cavity of a solenoid 
fed with an electric current in the vicinity of an unepecified intensity 
from the electronic part of the equipment, 


7.6 Offeet of the Magnetic Pield on Workers in Operations Exposed to 
Magnetic Field 


Vislow®’ etedied for several years the condition of health of workers om- 
ployed in engineering plants, in whose operation magnetic fields appear. 
Thoee were factories maufacturing gagnets, where technic iane-inepectore 
and sinterere were observed during the procese of production, and plante 
where flawe are magnetically detected and where grindere with magnetic 
benches are in operation. Because thie involves the hitherto most detailed 
investigation found in the literature, and because it presente an excel lent 
demonstration of various methods of investigation applied and on interpreta- 
tion of results, the contents of Vialow's study are presented here in de- 
tail (Tables 2, 3). 


Table 2. Sumber of persone in individual jobs, with regards to the period 
of their employment and sex (the tested group was in the age 
range from 1% to 40 years) 








Oe cupat ton Periad of taployment 


less than three yeare more than three yeare Tetal 

male female male female 
ineper tore ao 66 4) 45 208 
Piaw detectore $7 6) 61 60 241 
Sinterere 26 w 2 i6 144 
Or indere “4 li 9 * 117 
Total i73 170 i173 129 Has 


The gradient of the field was measured at 5-20 Oe (398 A/m-1592 A/m/em), 
from whieh it follows that at 4 distance from the source equal to 0,5 to 

i.5 @ the field was on the level of the background, The intensities of an 
intermittent magnetic field did not exceed 1 We (79,6 KA/m) at 50 He fre- 
quency; the intensities of the we yor field did not exceed 30 
Oe (5,98 kA/e) on the hands, and 5 Oe ) on the head and chest, Work- 
ete in engineering factories who served ae control had not been er- 
posed to the magnetic field, This group consisted of 138 individuals, of 
a — (3) male and 1) female) had been employed there for more 
then ) years, 


According to the resulte of the examination the author reporte two leading 
syndromes: peripheral vasovegetative, and aethenovegetative. He emphasizes 
in particular the functional waeculat and cardiovascular changes. The peri- 
pheral vasovegetative eyndrome occurred in the form of wegetative, trophic, 


and sensitive changes with lese pronounced motor changes, and changes of 
reflexes, localized in the dietal parte of the upper extremities, i.e., in 


hands and in the lower third of the forearm. Initially, the changes on the 
hende were functional, with marked dynamien depending on the time of the 
examination, in other worde, whether it took place at the beginning or at 
the end of the shift. Theee changes became permanent after } to 5 years 
on the job and their tendency was progressive. 


The author found euch c in 18-41 percent of cases in ai! groups ac- 
cording to the intensity the magnetic field, They inwolwed vasodila- 
tion of the emall arteries, capillaries and veins. The arteries were the 
first ones to become affected, the arterial segment of the capillary vee- 
sels was the next, then the wenal segment of the capillary vessele, and 
finally, the eml!l veins. 





initial symptoms appeared in the form of changes of the skin on the palne 
which turned pink, Their original color returned 1 to } houre after the 

end of the shift. If the work continued for gore than one year, the color 
of the skin turned bluish-pink, and remained so even during the period of 
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rest, The author feporte livid ce.oration of the skin on the paime after 
more than «5 years, We observed very [requent cases of cyanosis, espe 
Clally in pendent upper extremities, 


Capillaroscopy demonstrated colled, elongated capillaries with an extended 
venous network, in addition, the author established that the temperature 
of the hands wae elevated, and the forearm=hand thermal gradient inveried 
by 1=1,5°C; furthermore, thermal asymmetry of the hands equal te +0,4°C 
was evident in i2=20 percent of the cases, while an analogical observation 
was made in oOniy & percent of the control group, These changes were wore 
prominent toward the end of the shift and in workers who had been on the 
job for more than } years, 


Along with 4 higher (emperature of the hand®, proluse perspiration of the 
paims was evident; [requentiy @weat rivulete, The srin on the 
paimes of some individuai® resained dry | Suaghout the entire aehilt inh con 
nection with Che PeFePIFALiOn Sein Fesistance deelined, iff ckpeft iments 
with intradermal applicetion of adrenaline and histamine in the iower third 


of the forearm, it wae determines that the reaction to adrenaline was 
hibited, while the response to histamine was increased. 


Hyperesthesia of the skin on the .ande and forearms appeared in workers 
with l=} months on the job, and with an increasing period of eaployment it 
ehanged into hypesthesia which became pronounced after i-2 years. Trophic 
changes appeared on the hands of workers with }-5 years on the job, Their 
ekin and dermis were infiitrated and pasty. in those cases there appeared 
a i-2.5 om difference in the cross circumference of the hand at the begin- 
hing and at the end of the shift. Hyperkeratosis, or on the contrary, 
thinning of the skin up to the disappearance of the skin relief appeared 
on the palms. Longitudinal striation, brittleness and malformation of the 
nails became evident. Pain threshold was raised, the pilomotor reflex was 
either lower ot completely absent. 


Among the motor changes, reduction of the guecular tonus in the hand and 
foreara, and reduction of guscular strength, particularily in digital flex- 
ore, were evident. The quecies of the hands were found to be atrophied in 
some of the cases. in addition to the effect on the hands and forearms, 
general symptome of exposure to the magnetic field appear in the fora of 
the asthenovegetative syndrome, Thies concept is characterized by general 
functional disturbances, the principal among which is an impairment of the 
vegetative innervation of the heart and illaries. Subjectively, the 
workers complained of headaches, periodically occurring vertigo, buezing 
in their ears, and unclear, blurred vision. The tested individuals felt 
irritated, impatient, restless, and experienced pains in the area of the 
heart. Objectively, duller cardiac sounds, reduced QRS voltage on the POC, 
elongated electrosyetoles (by 0.1 and more), and slightly lower or higher 
T wave were detected. Sradycardia was diagnosed in 5-43 percent of the 
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cases, tachyeardia in 22-3) percent of the cases, tendency toward arteria: 
hypotension in Me4) percent of those examined, 


if workers who were 2=) years on the job blood pressure tests determined 
systolic preseure lower by 10-18 alg, diastolic pressure lower by 4-8 amilg 
ae compared with the values ascertained in initial examinations, The occur= 
renee of hypertension wae in reverse relation to the intensity of the mag~- 
netic field, 


hed dermographiem spreading over the area and frequentiy turning white was 
observed in 60-80 percent of the cases of mechanical irritation of the skin 
on the cheat for the teste of the response of skin capillaries, Persepira- 
tion increased in 58-82 percent, particularly in the face, in the axiilae, 
and in women also on the chest and lower abdown, Subjectively, changes of 
appetite were evident, with an increase in 4-1. percent, and @ decline in 
10-15 percent; paine in the epigastrium and in other parte of the abdominal! 
area, in women particularly in the area of the gall bladder projection vere 
reported, Tendency to constipation up to constipation, appeared in 21-37 
percent of the cases, Moreover, slight, ‘requent tremore of the hands, 
tongue and eyelide were observed, The tenden and periostel reflexes were 
livelier, enhanced, polykinetic, with extended reflexogenic zones. The 
workers complained of general weakness, paine in their guecies, joints, 
long bones and epine, and furthermore, of paresthesia between their shoulder 
blades and in their hands, 


in terms of mental activity, dieturbed perception, inability to concentrate, 
and disturban es of memory were observed. The author describes certain “mag- 
netophobia,' i.e., a tendency to hypochondria and aggravation especially of 
vieceral complaints, 


Changes objectively diagnosed by means of ERG were of the following three 
types: 


1, Short-term aggravation of desynchronsis; 

2. A higher rate of alpha waves and 4 reduced response to photost imula- 
tion; 

3. A higher rate of slow waves and 4 reduced response to photost imulation 


The firet type was observed in flaw detectors, the first and second types 
in inspectors, the second and third typee in sinterers. Objectively, 
changes in biochemical values have aiso been observed. A higher leve! of 
gamma~-giobulin was established, particularly in the first 3 years on the 
job; moreover, lower contents of nucleic acids and oxidase were found in 
the peripheral blood. Hematological tests establie ed leukopenia with a4 
normal leukograr, and lumpho- and monocytoses were evident with 4 normal 
rate of the leukocytes. fFrythrocyte sedigentation was retarded to less 
than § am/our. 
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in view of the facet that in addition to magnetic fields, some other factors 
appearing in the conditions of industrial operations may induce various 
physiological changes, the author conducted an experiment with 4 group of 
healthy 21-2) yeer old male subjects, The participants in the experiment 
lay on «@ bed, with their right hands placed in the crevice of an electro- 
magnet with the intensity of the statis magnetic field equal to 1 kOe 
(79,6 kA/m@),. The period of exposure was 15 minutes, The BOG, the tempera- 
ture of the hand, and the blood pressure were measured tmmediately after 
turning off the electromagnet, and 1, 5, 15, and 30 minutes after the end 
of the exposure, biood was drawn from a finger and from a vein 15 minutes 
after the beginning of the experiment, and the values of total calcium, 
ionized calcium, natrium, and chlorine were established, In addition, the 
threshold of pain in the hand was tested and the resultant values were sta- 
tistically processed, 


In the BOG, the T wave was extended by 0.03 6 (statistical significance 

p = 0.05), the temperature of the hand was 2°C higher (p = 0.02), blood 
pressure 6 amlig lower (p = 0.05), pain threshold was up (p = 0.1). The bio- 
chemical indicators confirmed that the level of total calcium increased by 
0.25 me percent (p = 0.02), the level of ionized calcium declined by 0.5 

™ percent (p = 0.02), the natrium level declined by 146 mg percent (p = 
0.02), and the chlorine level declined by 22 mg percent (p = 0.02), Ali 
indicators reached their peak in the 1-l5th minute after the end of the ex- 
posure, and returned to normal within 30 minutes. On the basis of the teste 
in industrial plants, examination of workers, and experiments, the author 
recommends that the maxigum intensities of magnetic fields for the exposure 
of the hands equal to 700 Oe (55.72 kA/m), and of other parte of the body 
to 300 Oe (23.88 kA/m). 


Beischer and Reno?! in the USA recommend exposure ceilings which are present- 
ed in Tabie 4, 





Table 4 
Period of exposure Exposed parte of the body Induct ion 
of the field (G) 
Long-term (hours) Whole body or head 200 
arms and hands 2000 
Short-term (minutes) Whole body or head 2000 
arms and hands 20000 





Soviet standards set by the Ministry of Public Health of the USSR for stat- 
ic magnetic fields permit the highest intensity of magnetic fields equal to 
8 kA/a = 100 Oe, no matter what part of the body is exposed and for how 
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),? Theory and ltypetheses Concerning the Mechanieom of the Effect of 
Magnetic Vielde on Biological Subjects 


These theories and hypotheses may be divided into several groupes: 


i, Offect on the molecular level; 

2, Utfeet on the subcellular level; 

}, Effect on the flow of fluids; 

4. Induetion of the electromotor force into the nerve, 


Bitumenfeld,® and Mueller et a1,° presume that ferromagnetic molecules 
existing in biological systeme may be oriented according to effect of 
the external magnetic field, Naturally, Abatin and Pvtushenko* deny this 
possibility because in biological systems there are no substances with such 
structures that they could — Weiss’ areas of spontaneous magnetiza- 
tion, In his hypothesis Langheven”® presumes the possibility of orienting 
emall molecules in magnetic fields, but thie effect is negligible as com- 
pared with the thermal flow, 


As for paramagnetic molecules in biological systems, Abatin and Pvtushenko 
contend that the effect of electric forces (coulomb and Van der Waals forces), 
which is substantially more powerful, overcomes the effect of the magnetic 
field. 


However, according to Dorfman')+ '4 large anisotropic diamagnetic molecules 
with molecular weight over 10° may be oriented in a homogenous magnetic 
field; in @ nonhomogenous magnetic field they may oven, create a gradient 

of concentration, Nevertheless, Abatin and Bvtushenko! deny even this view, 
because in their opinion even here thermal energy is far higher than the 
energy of the magnetic field, 


Abatin and Evtushenko also criticize Gross and Valentinuesi22» ©) who de- 
clared that the magnetic field may affect, and change, the valence angle 

by the change of the spin soment. The Soviet authors base their criticien 
on experigente conducted by Maling et al.,% where the field of induction 
equal to 530 kG (5 T) did not affect the activity of ribonuclease and succi- 
nate-cytochrome reductase, and on experiments conducted by other authors 
(see above) who never proved the effect of strong magnetic fields on the 
kinetics of enzymatic reactions. Positive resulte reported by other authore, 
however, call for an explanation. 


it seems that the role of the water is not neglig ble in the action of mag- 
netic fields on biological systems. it is known that certain physical- 
chemical properties of water change when it flows through 4 magnetic field. 
This phenomenon is applied, for instance, in the processes of water treat - 
ment in water vorks, because it has been determined that tiny, regular 
crystals of dissolved salte which are formed under the effect of the me- 
netic field flow away in the form of sludge, which substantially reduces 
the growth of boiler scale. 
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This phenomenon inspired certain authors to use magnetically treated water 
in order to suppress the deposit of concrements,4) Piccardi>! even ex- 
plains the effects of magnetic fields solely by water and water systems, 
with the hypothesis that the magnetic field can affect their structural 
arrangement in all consequences, Thue far, no unequivocal proof of this 
theory has been available, 


Nevertheless, it seems that magnetically treated water is biologically 
active, as confirmed by the experiments conducted by Stefanov and Solakova?’ 
where experimental mice were given magnetically treated water in which the 
biochemical values had been shifted. 


An important factor for the effect of magnetic fields appears to be the 
reaction of biological membranes, Experiments conducted by Shishlo and 
Shimkevich®? dealt with the activity of mitochondrial enzymes in the liver 
of white mice as compared with the cytoplasmic enzyme: these experiments 
indicate that increased activity of mitochondrial enzymes depends on the 
permeability of the mitochondrial membrane. 


Analogically, Pete's° experiments with osmotic resistance of erythrocytes, 
which decreased after an exposure of the blood in 4 static magnetic field 
of 200 G (0,02 T) indicate a change in the condition of the cellular senm- 
brane. In his comprehensive report on the effects exerted by magnetic 
fields on tumors, Kim)? presumes potential depolarization, increased perme- 
ability, and deformation of biological membranes. Considerations of depo- 
larization fully agree with experiments conducted by Kogan et ai.35 who 
measured the membrane potential of the Nitella flexis cells, nerve cells 

of the crayfish, and isolated hearts of cold-blooded animals after an ex- 
posure in magnetic fields. A marked decline was observed in every instance. 


The velocity of the flow of fluids in a magnetic field is expressed by 


Hartmann's equation: 


" 
where H = intensity of the field in Oe; c = velocity of light; « = electric 
conductivity; » = coefficient of viscosity; a = -adius of the duct through 
which the liquid flows. Deceleration at M = 1 is evident. 





This equation is generally valid and thus, it also applies to the flow of 
the blood in capillaries. If the diameter of the capillary is 20 mm, at 
n * 10°? and o = 2,10? for blood, M = 1 is valid at the intensity of the 
field whose vector is per icular to the longitudinal axis of the capil- 
lary 2.10° Oe (179.2 . 10° A/a). 











According to calculations made by belousova’ for the deceleration of the 
rate of the fiew of bleed in the aorta (A v/v) under the influence of the 
magnetic field, it applies: 


" (Oe), 4 v/v (percent) 
Zz. 1&0 0,1 
2. 10% 9.0 
2, 10° $5.0 
2, 106 94.0 


from which it follows that a field with H = 2, 10° Oe pay already affect 
the hemodynamics in the aorta, 


With regard to the effect on the transfer of nervous stimulus, Dorfman con- 
siders that the nerve acts as a conductor through which the electric current 
flows.“ If such « conductor is located in a magnetic field, then accord- 
ing to Ampere’'s law it is affected by a force which causes its movement. 
Dorfman presumes that in case of air passing along the nerve, the nerve 
bends according to the intensity of the field up to several hundred microns. 
Returning to its original position, the nerve is induced with electromotor 
force of the vector opposite to that of the passing stimulus. If after 

the firet stimulus another stimulus soon follows, the second stimulus is 
affected by the induced electromotor force. The author explains by this 
mechaniem the appearance of the slow wave in the EEC. 


Abatin and Evtushenko? who subjected this hypothesis to criticism proved 
mathematically that the tnduced curreut is lower by approximately 8 orders 
than the current flowing through the nerve during the passage of the stimu- 
lus. From that they conclude that Dorfman's hypothesis is incorrect. 
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TISSUE SPECIFICITY IN THE BPPRCTS OF STRONG MAGHFTIC FIELDS ON THY MITOTIC 
iNobe 


Leningrad TSITOLOCTYA in Russian No 2, 1980 pp 205-209 


STRZENITHOVORTY, A, D., GALARTIONOVA, GC, V., and CHRRIDOVVEN, FP. A., ineti- 
tute of Biomedical Probleme, (S98 Minietry of Health, Moscow 


[Abetract) in order to investigate the effeete of strong tie fields 
on mammalian cells, ®ice were exposed to 2,9 kOe (0,3 kOe/om) =~ 127.0 bOe 
(3,0 bOe/em) infralow frequency magnetic fielde for 1 h with subsequent de- 
terminations of the viability, @itetic index, and chromosomal etructures of 
the bone marrow cells and the epithelial celle of the cornea and the intesti- 
nal tract. The mitotic index of corneal epithelium decreased during expo- 
sure, recovered to background lewele by day 1, exceeded the background level 
twofold by day 2, and returned to essentially control values by day 3}. De- 
pression of the mitotic index wae directly proportional to magnetic field 
strength. Bone marrow celle presented with dose-related depression of the 
mitotic index by day | and recovery by day 3}, while intestinal epitheliua 
remained unaffected by euch exposures. The intensities of the magnetic 
fielde employed in thie study did not induce chromosomal aberrations. 
Depression of cell counte (20-25%) was of relatively short duration. Tables 
i; references 9: 4 Russian, 5 Western, 
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INFLUENCE OF MAGNETIC POLES ON THE ERYTHROCYTE SEDIMENTATION REACTION 


Yerevan BIOLOCICHESKIY 7HURNAL ARMENIT in Ruseian Vol 32, No 8, Aug 79 pp 
782-785 manuscript received W Oct 78 


VARDANYAN, V. A., RAPYAN, Yu. A., K., TONOYAN, G. A,., 
ASRYAN, SN. V. and PLUZYAN, M. A., Yerevan Medical Inetitute 


|Abetract} Thies article reports efforte to provide experimental data in 
support of the suggestion (Bardanyan, 1974) that blood is a ferromagnetic 
liquid and that the erythrocytes are the domain of the ferromagnetism, The 
work to enquire into the presence in erythrocytes of a magnetic moment deals 
with the effect of 4 magnetic field on the erythrocyte sedimentation rate 
(ESR). This work was done in two series=<in 1972-74 and 1974-75. The field 
ueed was 4 nonuniform magnetic field formed between the poles of a permanent 
magnet. Nonuniformity was produced by special M-shaped caps on the poles. 
Minigue and maxiqum values of voltage were equal to 150 and 400 Oe, Dis- 
tance between poles was 17.5 cm; average field gradient: over 14.5 Oe/cm. 
Three blood samples in Panchenkov blood tubes were placed in the field; 
three controle outeide it. ESR values were measured hourly for 24 hours. 
Date presented indicate thet the nonunifors field does affect the ESR; 
strengthening on the field above, vertically, slows down the ESR; strength- 
ening it beiow, speeds it up. Thies is attributed to the magnetic dipole 
behavior of the erythrocytes in the magnetic field. Magnetic moment values 
"i wn erythrocytes can be estimated. References 6: Russian. 
142-8586 
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EYFECT OF A MODULATED ELECTROMAGNETIC FIELD ON EXPERIMENTALLY IND . by 
EPLLEPTIPORM ACTIVITY OF THE BRAIN IN THE RAT 


Moscow BYULLETEN' EKSPERIMENTAL'NOY BIOLOGII I MEDITSINY in Russian No ?, 
1980 pp 145-148 manuscript received 19 Mar 79 


ANTIMONTY, G. D. and GAly. WW, RB, A., Moscow, Laboratory of Emotions and 
motional Stress, Institute of Normal Physiology imeni P, K. Anokhin, USSR 
Academy of Medical Sciences 


[Abstract] The possibility of suppressing experimentally induced epilepti- 
form activity of cerebral structures by means of a modulated electromagnetic 
field (MEMF) was investigated in experiments on 58 white rate in whom 
acoustic stimulation caused turbulent motor responses (inadequate running, 
jumping) often culminating in tonic or clonic-tonic convulsive fits. Per- 
sistent epileptiform activity was .sduced in the animale by applying brief 
electrical stimulation of limbic structures of the brain (hippocampus, 
tonsil) directly before applying the acoustic stimulus. The effect of MEMF 
was investigated against the background of distinct epileptiform activity 
on ERG. The MEMP parameters were as follows: carrier frequency 40 Miz, 
field intensity 10-20 v/m, modulation depth 80-100%, modulating frequencies 
2-30 He, The MEMF was applied for from 5 to 60 min. MEMF was found to 
suppress epileptiform activity completely in 41.6% of cases, markedly in 
23.3%, slightly in 257%, and not at all in 10.1%. Thus, “EMP produces a 
distinct antiepileptic effect on electroencephalographic manifestations of 
audiogenous epilepsy in rate. Figure 1; references 4: Russian. 
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ULTRASTRUCTURE OF SKELETAL MUSCULAR TISSUE OF CHICK MMBRYOS EXPOSED TO 
MICROWAVE DAMAGE 


Leningrad ARKHIV ANATOMIIT GISTOLOGII I EMBRIOLOGII in Russian Vol 78, No 1, 
Jan 80 pp 83-88 manuscript received 16 May 79 


DANILOV, Rk. K., Chair of Histology, Kuybyehev Medical Inetitute imeni D. I, 
U1" yanov 


[Abstract] The effects of ultrahigh frequency (UNF) of a low intensity 
(10 w/em*) on the ultrastructure of skeletal quecular tissue of developing 
chick embryos are reported, Limited cellular destruction and etructural 
disorders are noted in muecle cell organelles. Along with the destruction, 
reactive-recovery processes take place on the intracellular and cellular 
tissue levels, These processes are expressed by hyperlasia and hypertrophy 
of organelles, activation of protein synthesise and increased number of de- 
veloping muecle celle, Reparative processes are improved and the nuclear- 
cytoplasmic ratio is increased, Decreased rate of protein accumulation and 
lower quantitative indices for peripheral mitochondria manifest the depres- 
sion of intracellular processes which may be due to incomplete development 
of the vascular system and poor supply of oxygen to muscle celis. The 
quantitative changes in the guecle cell organelles and the degree of their 
destruction depend on the differentiation of the quscular tissue, on the 
blood supply and on innervation of the quecle. Figures 2; references 15: 
9 Russian, 6 Western. 

(252-7813) 











UDC 615, 667,8:591,4150532, 66 
MAUNETIC FIELD EFFECTS ON MICROCIROCULATION 
Minsk ZDRAVOOKHRANENTYE SELORUSSIT in Russian No 12, 1979 pp 3-5 


DEMETSRIY, A. M., SURGANOVA, 8. F., POPOVA, L. 1., and GAVRILOVICH, P, F., 
Chair of Operative Surgery with Topographical Anatomy, and Chair of Oncology 
with Medical Roentgenology and Radiology, Vitebek Medical institute 


[|Abetract| Microscopic, radiologic, theolegic, and radioisotope seasure- 
ments were employed in evaluating the effects of constant magnetic fields 
(MF) on @ierecireulation in rat, rabbit, and dog extremities, The resuite 
showed that 4 single 10 ein exposure to a 10, 50, 100, of 200 of MP was 
followed within 5 @in by capillary stasis and aggregation of the formed 
elements of the blood, During the next 5-10 ain @ variable pattern of 
stasis and accelerated blood flow prevailed in the precapillaries, capii- 
laties, and arterioles. This phase wae replaced by one characterized by 
vasodilatation, enhanced blood flow, and disaggregation (10-30 ain), and 
a norm) sicrocirculatory pattern the next day. Exposure for 7 days (10 
min per day) yielded 4 similar but 4 such sore pronounced triphasic patter 
of longer duration. One day after the course of exposures the blood flow 
wae three-fold greater than after a single exposure; during the following 
3-7 days the circulation gradually returned to normal. in each situation 
the magnitude of the observed effects was directiy related to the strength 
of the “FP. Figures 2; references: i Russian, 
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CHANGES IN OXYGEN TENSION, TEMPERATURE AND BLOOD FLOW VELOCITY IN ANIMAL 
RENAL TISSUES DURING IRRADIATION WITH LOW INTENSITY ELECTRO-MAGNETIC WAVES 
IN THE ULTRAHIGH FREQUENCY RANGE 


Kiev VRACHEBNOYE DELO in Russian No 11, 1979 pp 110-11) 


ERIN’, A. N., Laboratory of Biological-Genetic Studies, Kiev Scientific 
Research Inetitute of General and Communal Hygiene imeni A. N. Marcevev 


[Abetract} Adult white rate were exposed (o 2375 Miz, 50 uV/em? radiation 
) hours per day for ten days, or 500 wV/em? one of ten daye at seven hours 
per day. The lower energy density exposure was accompanied by increased 
pO» of 23.2%, while the singly bigner energy density exposure increased 
pO» 83.2% and the repeated higher energy density exposure increased it by 
75.2%, No change in renal biood flow rate was seen, except in hypoxia, 
where (low was less decreased and returned to normal more quickly in the 
irradiated rate than in controls, Intratissue temperature decreased 1, 8° 
after the low energy density exposure, increased 0.8° after the single high 
energy density course and decreased 1,.1° after repeated high energy density 
exposure, The data indicate definite adaptation and increased resistance 
of the - to the effects of repeated ultrahigh frequency radiation. 
{233-12,126 
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CHANGES IN CONDITIONED-REFLEX ACTIVITY OF RATS AS A FUNCTION OF THE TNTENGI- 
TY AND DURATION OF MICROWAVE IRRADIATION 


Moscow GIGTYENA TRUDA | PROFESSIONAL'NYYE ZABOLEVANIYA in Russian No 12, 
1979 pp 30-34 manuscript received 17 Aug 79 


LOBANOVA, Ye. A., Moscow, Inetitute of Hygiene of Labor and Occupational 
Diseases, USSK Academy of Medical Sciences 


[Abstract] The functional state of the central nervous system (CNS) of 
white rate exposed to single and chronic (for up to 4 1/2 months) decime- 
ter=range microwaves (1-10 mwatt/cem?, daily exposure for from 15 to 240 
min) was investigated, CNS response to the microwaves was evaluated as a 
function of food-reinforced conditioned motor reflexes. Statistical pro- 
cessing of the findings revealed that the time of formation of conditioned 
reflex activity as well ae the epecificity and dynamice of that activity 
are directly proportional to the in.ensity and duration of the irradiation. 
As the energy flux density wae increased from i to 10 awatt/om?, the CNS 
displayed an earlier, sore persistent, and sore distinct response, with the 
adaptive processes being supplanted by cumulative (the latent period of the 
response grew longer) due to the effect of microwave irradiation. A simi- 
lar effect was observed on prolonging irradiation time from 15 to 240 min. 
When the intensity wae increased while the duration remained the same, or 
vice verea, changes in the functional state of the higher divisions of the 
CNS were sore pronounced and longer lasting. References 5: 4 Russian, | 
Polish, 
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SOME APPROACHES TO THE MODELLING OF HEAT STRESS DURING MICROWAVE LRRADIATION 


Moscow BIOFIZIKA in Russian Vol 25, No 1, Jan/Feb 80 pp 59-62 manuscript 
received 15 Sep 78 


SHESTIPEROV, V. A. and TIKHONCHUK, V. 5, 


[Abstract] One of the more important characteristics of the interaction of 
microwaves with living objects is the conversion of the energy of electro- 
magnetic field into heat, influenced by both physical and biological factors. 
A theoretical model, in which the time needed to reach lethai temperatures 
is related to the blood circulation cycle, has been analyzed. Experimentel 
data showed that the developed model could be used to describe microwave 
heat stress and to determine the biophysical constants of heat regulation 
for the animal population under study. This model could also be used to 
analyze the effects of damage and recovery due to microwave irradiation of 
homoiothermic animals. The experimentally obtained data on temperature 
dynamice of white mice under hypodynamie and irradiation with aicrowaves 
agreed well with the theoretically calculated values. Figures 2; references 
4: 1 Russian, 3} Western. 
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ANALYSIS OF THE INCIDENCE AND OUTCOME OF ACUTE THROMBOSES AND EMBO! 1 OMS 
OF PERIPHERAL VESSELS IN VARYING HELIOGHOMAGNETIC CIRCUMSTANCES 


Moscow KARDIOLOGIYA in Russian No 2, 1980 pp 91-94 manuscript received 
7 Jun 1979 


KLIMOV, V. N., ROZMDESTVENSKAYA, Ye. D., MAKAROVA, NS. P., and CHIRKOVA, 
L. A., Clinte for Hospital Surgery of the Treatment Department, Sverdlovek 
Medical institute 


[Abstract] Data relating to 292 patients treated by the clinic from 1969- 
1978 were analyzed. The acute circulatory probleme were divided about 
equally between thromboses and embolieme of arte:ies, and acute thromboses 
of deep veins of the extremities, and also, between men and women. These 
data were correlated with data on mild, moderate and severe magnetic storm 
activity. Results indicated that heliogeomagnetic factors comprised an 
additional burdening factor that brought complication of cardiovascular 
disorders. Such reactions occur invariably in the population, but may be 
serious and even lethal for those with various degrees of atherosclerosis. 
Figure 1; references: 13 Ru sian, 
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MORPHOLOGIC EVALUATLON OF PULMONARY CANCER REGRESSION INDUCED BY MAGNETO- 
THERAPY 


Leningrad VOPROSY ONKOLOGII in Russian No 1, 1980 pp 28-34 


OGORODNIKOVA, L. S., GAYRABED'YAN, N. G,, RATNER, 0, N,, CHIRVINA, Ye, D., 
SEM, L. D., GARKAVI, L. Kh., KVAKINA, Ye. B., and UKOLOVA, M. A., Rostov 
Oncologic Scientific Research Institute, Rostov on Don 


[Abstract] Morphologic studies on biopsies obtained during surgical treat- 
ment of 20 50-70 year old patients with various forms of lung cancer were 
used to evaluate the effects of preoperative magnetotherapy (7-30 3-20 min 
sessions of exposure to 100-250 oe variable magnetic field; 2 sessions/ 
week). The results showed a decrease in tumor size in 7 patients, stabili- 
zation in 9 patients, and a moderate increase in the tumor size in 4 sub- 
jects. In the latter group the increase in the size of the tumor in 2 
cases was due to proliferation of dense connective tissue. Histologic and 
ultrastructural examinations of the biopsy material showed that magneto- 
therapy induced foci of necrosis in the tumors, dystrophic changes, aberra- 
tions in nuclear chromatin, depression of the mitotic index, and an increase 
in the number of abnormal mitoses. The most favorable changes were seen in 
patients with well differentiated adenocarcinoma after 20-30 sessions of 


magnetotherapy. Figures 3; references 24: 5 Western, 19 Russian. 
[277=12172) 
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CYTORNZ YMATIC AND ULTRASTRUCTURAL FRATURES OF OVARIES EXPOSED TO WAVE® IN 
THE CENTIMETER RANGE 


Moscow VOPROSY MURORTOLGGCTI, FIZIOTRRAPII 1 LECHRBNOY FIZICHEBKOY KUL’ TUR, 
in Ruseian We i, 1980 pp 31-35 


NIKOLOVA, L., amd TARPVA, Te., lnetitute of Health Resort Science, Physio- 
therapy, end Rehabilitation, and Chair of Anatomy, Histology, and fmbry- 


ology, Bulgarian Medical Academy, Sofia 


[Abetract| Cytoeneymatic and ultrastructural studies were undertaken on 
the effecte of 5 W centimeter waves on guinea pig ovaries in order to test 
the clinical impression that such therapy ie without adverse consequences. 
valuation of the reeulte showed that there were no ultrastructural changes 
indicative of damage. Purthermore, shortening of the diestrus phase (at 
the expense of proestrus and estrue phases) and elevation of certain enzyme 
activities (phosphatases, lactate dev ydrogenase, steroid dehydrogenases) 
and an increase in the number of ribosomes indicated enhancement of over ian 
function, These findings are in aceord with favorable clinical outcomes of 
centimeter wave therapy in cases of infertility and inflammation of the 
female generative organs. Tables 1; figures 2; references 12: 3} Bulgarian, 
4 Russian, 5 Western. 
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CORRECTION OF LNPUNDIBULI FORM THORACTC DEPORMITY BY MEANS OF PRRMANENT 
BAMARTUM=CORALT MAGNETS 


Moscow KHIRURGTYA in Russian We 3, 1980 pp 99-10) 


TSAKOV, Yu. F., and GRRAS'KIN, V, 1., professors, RUDAKOV, &, &., VASILYEV, 
G, 8, candidate of medical eciences, GRABPRC, A, N,, candidate of teohni- 
eal sciences, BARINOV, GC. M,, MUEHO, 6, B,, RONDRASHIN, BN, 1,, professor, 
and BESYADOVSRAYA, ©. L., candidate of medical sciences, Pediatric Surgery 
Clinic, Selentific Research Laboratory of Clinical and Experimental Pedi- 
atric Surgery, Central Sclentific Research Leboretory, 2nd Moscow Medica! 
Inetitute imeni 8. 1, Pirogev 


|Abetract| Date are presented on the correction of infundibuliform thorac ic 
anomalies in 26 patients (24 in the }-14 year age bracket) in whom 4 samari- 
um-cobalit magnetic plate wae positioned beneath the sternum to create, in 
conjunction with an external plate maintained in place by an of thepedic 
corset, 4 1000 Oe permanent gagnetic field to correctly position the sternus 
following theracetemy. Magnet -medieted positioniag wee asinteined for 28- 
45 daye, followed by remowel of the implented plate 6 monthe efter inser= 
tion through 4 vertical incision in the epigastric region. Excellent re- 
sults were obtained in 24 of the patients and hypercorrection wae noted in 
two subjects, Complications included right-sided hemothoras in 25 cases 
due to damage of the right coetel pleura during thorecotamy, which was cor- 
rected by pleura! punctures, There were no gubjective or objective contra- 
indicatione to thie approach for correcting infundibuliform thoracic defects, 
ow 2) Cigures 4; references 15: 5 Russian, 10 Western, 
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COMPREHENSIVE CONBERVATIVE TREATMENT OF ACUTE PANOREATITI® USING CONSTANT 
MAGNETIC FLELDS 


Moscow BOVETSRAYA MEDITSINA in Ruceian Ne 2, 1980 pp = 18 manuscript 
received 29 Jan 1979 


VALTHR, §,. O,., Department of Hoepital Surgery, lehevek Medical inetitute 


|Abetract) itn the laboratory test bile wae injected to induce acute pan= 
ereatitie in 25 dogs, then 20 were treated using constant magnetic fields 
while 5 were reserved ae control animale, Quantities of amilase, trypsin 
and trypein inhibitors were monitored in both test and control animals, 

The success of the procedure on doge led to constant magnetic field treat- 
sents for human patients with acute pancreatitis, and the various procedures 
combined with thie experimental approach are described, Aithough the ef- 
fecte of the comprehensive treatment varied, the results indicated that the 
application of constant magnetic field therapy both to skin areas above 
internal organs and to areas related to the pancreas improved the effects 
rr — * Tables 2; references 1}: 11 Russian, 2 Western, 
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THE EFFECT OF MICROWAVES IN THE CENTIMETRIC RANGE ON THE COURSE OF CERTAIN 
CHRONIC DERMATORES 


Moscow VOPROSY KURORTOLOGII, FIZIOTRRAPII I LECHRBNOY FIZICHERSKOY KUL'TURY 
in Russian No 6, 1979 pp 30-56 Ganuecript received 6 Jul 79 


NIKOLAYEVA, V. V., Department of Physiotherapy and Therapeutic Hxere ise 
(kK, A, Anan'yeva, docter of medical sciences, director) and the Clinic for 
Shin Diseases (Professor 6 fF, Romalenko, director), Moscow Scientific Re- 
search Inetitute of Clinteal Medicine iment M, Ff, Viadimirekiy 


[Abstract] The use of microwaves in the centimetric range represents one 
of the newer approaches to the treatment of chronic skin diseases such as 
eczem, disseminated and focal neurodermatitis, prurigo and lichen planus 
erythematosue, Because of the recognized intractability of these disorders, 
current theories that they are of a combined neurogenic, endocrine and al- 
lergenic nature and because of the probability of allergic reactions to 
standard medica! treatment, investigatore are now looking to physical meth- 
ode of treatment, Centimeter waves are known to have an anti-inf leammatory 
and desensitizing effect coupled with a normalizing and stigulative action 
on the central and vegetative nervous system while acting to restore neuro- 
endocrine regulation within the body. The centimeter wave range is prefer- 
able to the high- or ultra-high frequency ranges because of ite conduc ive- 
ness to precise dosage administration, ite potential for localized action 
and the intensive abeorption of ite energy by biological tissue. 


The objective of thie etudy wae to determine the medical effectiveness of 
centimeter wave therapy for patients with eczema, neurodermatitis, prurigo 
and lichen plague, to investigate the mechanice of how thie treatment works, 
to develop techniques of treatment and to learn the indications and contra- 
indications for ite use, A total of 203 persone suffering from these dis- 
orders for periods of from one to % years were involved in the study. 
Slightly less than half these individuals were treated primarily with centi- 
meter microwaves while the remainder received wave therapy in conjunction 
with vitamine, antihistamines and sedatives. All were given topical medica- 
tions for symptomatic relief as needed and none were given internal or ex- 
ternally applied hormonal medications. 


Prior to beginning therapy, the functional statue of the adrenal cortex, 
electrolyte balance and the sympatho-edrenal system wae determined for 
these patients through a battery of blood and urine tests and dysfunctions 
were established in many. The vast majority of these patients demonstrated 
clinical improvement or complete reversal of symptoms following a series 
of treatments. Most displayed good tolerance to centimeter weve therapy 
although 4 few experienced itching or local hyperemia. Combining wave 
therapy with the use of antihistamines, desensitizing druge and vitamins 
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improved resulte somewhat, Over a follow-up period of 1 to 3 1/2 years, 
ene third of the patients experienced no recurrences of exacerbations 
while about one half had relatively mild recurrences or flare-ups, ['v 
centimeter wave therapy also produced improvement in the indicators of the 
functional state of the adrenal cortex, electrolyte balance and sympatho- 
adrenal system as reflected in blood and urine teste, 


The good results, ease of implementing the procedure for in= and out=patiente 
favor the use of centimeter wave therapy when indicated by symptoms of ec~ 
nema, nevurodermatitie, lichen planus or prurigo, Contraindications to the 
use of centimeter wave therapy include secondary erythroderma, accompanying 
staphylococeal or streptococcal skin infections with manifestations of 
lymphadenitis or lymphangina, edema or oozing at the radiation site. Ten 
to twelve treatments lasting four to ten minutes each with a progressive 
increase in power from 4-10 Watts were deemed to constitute 4 complete 
tte Aaa Tables }; references 12: 10 Russian, ? Western. 
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